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EDITORIALDissecting the Requirement for Secondary Lymphoid Organs
in Peripheral Regulatory T-Cell Developmentntestinal mucosal immunity requires the ability toIinduce a proinﬂammatory response to clear invasive
pathogens while also maintaining self-tolerance in the face
of continuous immune activation by luminal contents. Reg-
ulatory T cells (Tregs) expressing the transcription factor
Foxp3 promote immunologic homeostasis by suppressing
dendritic cells1 and effector T-cell responses through the
production of transforming growth factor b, interleukin (IL)
10, and IL35.2 In this manner, Foxp3þ Tregs play a central
role in the development of oral tolerance to food antigens
and commensal bacteria.
Foxp3þ Tregs develop into 2 main subtypes in vivo:
thymic Tregs, which arise from hematopoietic precursors in
the thymus and are selected by a strong T-cell receptor
signal against self-antigen, and peripheral Tregs (pTregs),
which differentiate extrathymically from conventional T
cells through antigen reactivity. pTregs are generated via
C-C chemokine receptor (CCR)7-induced migration of
CD11cþ CD103þ dendritic cells from gut-associated
lymphoid tissue to the mesenteric lymph nodes where
processed antigen is presented to naive CD4þ T cells and
local transforming growth factor b and retinoic acid pro-
motes pTreg differentiation.3–6 Subsequent up-regulation of
CCR9 and a4b7 induces their migration to the intestinal
lamina propria where IL10 production by CD11bþ
CX3CR1þ macrophages expands the pTreg population.
Because of their exposure to local antigens, pTregs are
considered the central regulators of oral tolerance in the
intestine.
The identiﬁcation of thymic Treg markers such as
neuropilin-1 and Helios has resulted in a more detailed
assessment of the individual contribution of Foxp3þ Treg
populations within the intestinal mucosa. Although our
knowledge regarding the molecular mechanisms involved in
Foxp3 Treg differentiation in vivo has expanded over the past
several years, the requirement for secondary lymphoid organs
(SLO), such as themesenteric lymph nodes and gut-associated
lymphoid tissue, in this process has remained unclear. In the
current issue of Cellular and Molecular Gastroenterology and
Hepatology, Geem et al7 showed that the majority of these
intestinal Foxp3þ Tregs were Heliosþ, or thymic in origin. By
using lymphotoxin a knockout mice, the investigators found
that the overall Foxp3þ Treg number was not affected by the
loss of SLO; however, accumulation of Foxp3þ Helios- pTregs
was reduced markedly only in the small intestine. In contrast,
the number of Foxp3þ Tregs in the intestinal lamina propria
was enhanced in the absence of CCR7, which the investigators
likely attributed to increased homing ligand expression on
splenic Foxp3þ Tregs. The observation that SLOs are neces-
sary for small intestinal, but not colonic, pTreg differentiationCelluhighlights the important differences in the requirements for
intestinal Foxp3þ Treg development.
Previous studies have shown that microbiota-derived
antigens contribute to the colonic pTreg differentiation,8
suggesting that the abundance of commensal bacteria in
the colon is sufﬁcient to provide a cytokine-rich environ-
ment favorable for pTreg differentiation in the absence of
SLOs. Consistent with this, germ-free mice lack colonic
pTregs, yet maintain an intact small intestinal pTreg
compartment.9 The current study along with a recent
publication by Kim et al10 further addressed the immune
and antigenic requirements for small intestinal pTreg
differentiation. Germ-free mice bred on an elemental
antigen-free diet fail to develop small intestinal pTregs,10
indicating that dietary antigen is essential for small in-
testinal pTreg differentiation. These data suggest a
working model in which dendritic cell presentation of
dietary antigen in SLOs promotes pTreg differentiation to
maintain tolerance to food antigens. In contrast, colonic
commensal bacteria, such as Clostridia, induce pTreg dif-
ferentiation within the lamina propria independent of
SLOs, thus generating a separate microbe-induced popu-
lation of pTregs. Although further investigation is required
to deﬁnitively address the mechanism by which SLOs
contribute to small intestinal pTreg differentiation, the
present ﬁndings begin to deﬁne the broader context of
how enteric antigens contribute to intestinal FoxP3þ Treg
compartment.
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